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Abstract 
Users of high power ɋɈ2 lasers may be interested in finding a substitute for expensive He which would provide 
sufficient efficiency and specific power of laser radiation. In the present work, operating modes of the electron-beam 
sustained discharge CO2 pulse-periodic laser operating on ɋɈ2:N2:H2O mixes were investigated. The research has 
revealed that at equal energies of radiations the efficiency for ɋɈ2:N2:H2O mixes are approximately 25 % lower 
than those for ɋɈ2:N2:He mixes. The decrease in efficiency is compensated for by an increase in electric strength of 
the mixes containing H2O, both in pulse and in pulse-periodic modes. 
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1. Introduction 
Users of high power ɋɈ2 lasers may be interested in finding a substitute for expensive helium which would 
provide sufficient efficiency and specific power of laser radiation. The cheapest replacement of helium is water. 
Below we  compare various mixes and make a specific proposal. 
2. Comparison and Analyze 
Electron-beam sustained ɋɈ2 lasers (EBSL) usually operate the mixes containing He. The need for using helium 
in the mixes is proved by the fact that its basic function is the increase in the rate of population decrease of  the 
bottom laser level and the increase in thermal capacity of a mix. Hydrogen, deuterium and water also have high rates 
of population decrease of about 0110 ɋɈ2, and, accordingly, high rates of population decrease in the bottom laser 
levels 1000 and 0220. Rate constants of processes (1) for them are equal [1] (table 1): 
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However, as against He all these molecules display effectively rates of population decrease of the top laser level 
(2): 
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This process is characterized by the following rate constants [2] (table 1): 
Table 1. Rate constants 
Ɇ He H2O H2 D2 
k, (Torr×c)-1 3,8·103 5·105 8·104 2·104 
k1, (Torr×c)-1 68 4·104 5·103 270 
 
There are earlier publications, for example [1, 2] in which modes of generation of the EBSL ɋɈ2 laser using 
hydrogen-containing mixes are investigated in detail. It is shown in the papers that when ɇ2 is used instead of He in 
the EBSL ɋɈ2 laser, commensurable parameters of radiation and efficiency are reached, especially at short  1 ȝs 
pulses of pumping duration. When the duration of a pumping pulse is several tens of microseconds in mixes in 
which helium has been replaced with hydrogen, at optimum pumping levels the efficiency of generation is lower 
than that in helium-containing mixes. The concentration of hydrogen in a mix was 1-3 %. 
In the present work, operating modes of the EBSL ɋɈ2 pulse-periodic laser using ɋɈ2:N2:H2O mixes in 
comparison with ɋɈ2:N2:He mix were investigated. Our experimental results are presented in Fig.1-3. In all 
experiments, working pressure of a mix was equal to atmospheric pressure. Gases used to prepare laser mixes were 
especially pure, with the total content of impurities (mainly O2, H2O) 0,1 %, and gases of technical cleanliness had 
O2 content of 0,4-1 %. The design of the laser was similar [3], the only difference lying in the fact that the volume of 
the laser chamber covered with the resonator, was 200×400×700 mm3, (interelectrode distance)×(width along a 
stream of a laser mix)×(length along an optical axis of the resonator). As the ionizer an accelerator with a directly 
heated thermo emission cathode was used, whose output window is closed by a two-layer foil (Al 30 ȝ + Ti 18 ȝ). 
 
  
Fig. 1. Dependence of energy deposition from a voltage of 
pumping 
+ - mix CO2:N2:H2O=1:9:0,25%; 
Ž - mix CO2:N2:H2O=1:7:0,1%; 
Ɣ - mix CO2:N2:H2O=1:6:0,1%; 
× - mix CO2:N2:He+O2+H2O=1:5:2 + 0,1%O2 + 0,05%H2O. 
Fig. 2. Dependence of radiation energy on a voltage of 
pumping 
+ - mix CO2:N2:H2O=1:9:0,25%; 
Ž - mix  CO2:N2:H2O=1:7:0,1%; 
Ɣ - mix CO2:N2:H2O=1:6:0,1%; 
× - mix CO2:N2:He=1:5:2. 
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Fig. 3. Electro-optical efficiency  + - mix CO2:N2:H2O=1:9:0,25%; Ž - mix CO2:N2:H2O=1:7:0,1%; 
    Ɣ - mix CO2:N2:H2O=1:6:0,1%; × - mix CO2:N2:He=1:5:2. 
 
The accelerating voltage varied from 250 to 300 kV, the current of an electron beam, measured on the anode of 
the discharge chamber, varied from 3 to 5 A. The duration of pulses of the current varied from 40 to 45 ȝs. The 
pumping voltage of the active medium of the laser varied from 60 to 120 kV and was supplied from the condenser 
store having total capacity of 25 ȝF. 
Investigations were carried out in both pulse and pulse-periodic modes at frequencies of 50 to 100 Hz. The pulse-
periodic mode was created by circulation of the laser mix perpendicularly to the optical axis of the laser resonator 
through the discharge chamber at an average rate of 100 m/s. 
The main finding of the work is that at equal energies of radiation the efficiency for the ɋɈ2:N2:H2O mix is 
approximately 25 % lower than those for the ɋɈ2:N2:He mix.  
It is possible to explain this decrease in efficiency by the fact that when the concentration of N2 reaches or 
exceeds 70 % and the concentration of H2O increases, the threshold intensity of the electric field grows. However, 
the decrease in efficiency is compensated for by an increase in electric durability of the mixes containing ɇ2Ɉ, in 
both pulse and pulse-periodic modes. The ɋɈ2:N2 ratio has a flat maximum in the range of 1:(6-9). In these 
conditions, ɇ2Ɉ concentration in the mix allows for variations in the range of (0,1-0,25) %. Increased stability of 
parameters of the laser is observed in the pulse-periodic mode which can be caused by reduction of ɋɈ2 from ɋɈ as 
a result of gas discharge in the following reactions (3) [4]: 
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3. Conclusion 
Thus, cheap laser mixes (ɋɈ2:N2+ɇ2Ɉ=1:(6-9) +(0,1-0,25) %), composed of technical gases, can be successfully 
be used in technological EBSL ɋɈ2 lasers. 
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